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OPTICAL PROPERTIES OF THE LOWER
ATMOSPHERE OF VENUS (INTERPRETATION OF
MEASUREMENTS OF THE VENERA 8 SPACECRAFT)

L. G. Titarchuk

The luminance sensor carried by Venera 8 measured the /602

radiation scattered by the atmosphere in the band from 5000 A

to 8000 A [1]. The measurements were performed on 23 July 1972.

The sensor recorded radiation arriving from the entire

upper hemisphere, beginning at an altitude of 50 km and contin-

uing down to the surface of the planet. The zenith distance of

the sun during the descent of the apparatus was 85.5 ± 20 [1].

The spectral characteristic of the sensor f(x) is presented in

[1]. The descending light flux E (h) recorded by the sensor

can be represented as follows [1]:

E, = 350 f (k)E (A)dX, (1)

where E () is expressed in units of w/m2-A.

The value of E+ is expressed in arbitrary units called

luxes [1]. An experimental dependence of the luminance E (h)

as a function of altitude over the surface of the planet is

presented on the accompanying figure.

The curve, adjusted to the experimental points by the

least squares method, has two characteristic points at alti-

tudes h = 28 km and 34 km, around which sharp changes occur in

the gradient of luminance as a function of altitude. In the

first sector 0 < h < 28 km, it would be natural to suggest a

model of a pure gas medium consisting 100% of CO 2.
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m,km Under these assump-

tions, luminance E (h)

within this area should

change according to the

following rule [2]:

S'/T,,oP (h) /PoE(h)= 1- E,t I (h,).

/o00o z0o Joo 0o0o (2)

h (th), ix

Dependence of Descending Light Here -r,0 is the optical

Flux E (h) on Altitude h. Cir- thickness of the gas com-

cles Represent Experimental ponent from 0 to 28 km,
Points

P(h) is the CO 2 pressure at /603

altitude h; As is the albedo of the surface of the planet, h =

= 28 km, P0 = 93 atm.

In order to prove the likelihood of this model, it is suf-

ficient to use the experimental data to define a certain mean for

the spectrum and altitude Tr, 0 correct for all altitudes from

0 km to 28 km, and satisfying the interval 4 < Tr,0 < 27. This

rO will provide information on the spectral composition of

light in this sector. Using (2), we produce an expression for

Tr,O:

S 4 i - E(h)/E,(h,)(3)

3 (1 - A s ) P (h) P, + E, (h)l E, (h,) - I

Substituting the ratio of E (h)/E (h1 ) into this formula, taken

from the experimental curve and using the data on pressure within

the gaseous atmosphere of Venus presented in [3], we produce the

following table of the dependence of Tr, 0 on altitude (see Table

1).
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TABLE 1

.h x o II 13 IS . Mean

Tr, (i - A 3,67 4.9 7.3 6,8 3 4.85 13 7

The mean value of Tr,0(1 - As ) is approximately 7, which

where A = 0 corresponds to radiation with X = 7000 A. The

decrease in Tr,0(1 - As) at low'altitudes may be a result of

increasing error of the instrument as the descending apparatus

enters the high temperature layers. It cannot be excluded that

this decrease results from the reflective capacity of the surface

As = 0.4. The mean value of Tr, 0 ' 7 shows that below 28 km only

red light in the 6300 A < A < 8000 A band penetrates.

Since the gradient dE /dh over 28 km differs significantly

from the gas value, we can conclude that the primary role in

scattering of light in this area is played by an aerosol rather

than gas. If we accept 28 km as the lower boundary of the

aerosol cloud and 65 km as its upper boundary [3], the indicated

geometric thickness of the cloud layer is 37 km. Using a priori

estimates of the optical thickness of the clouds [3, 4], as well

as the value of the transmission function V (h, ) < 0.343 at the

level h = 46 km with 87.50 , arccos c > 83.50, we can conclude

that at altitudes below 46 km the asymptotic mode of solar radia-

tion scattering obtains [2, 5, 6].

In order to determine the transmission function of the

atmosphere, the spectral composition of the light transmitted,

attenuation factor a, the single scattering albedo a and the root

of the characteristic equation k, let us study the following

relationships:

I dE
P (h) --- (65-h).

E, dh
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Substituting the expression for E (h) from [6] and ignoring the

derivative of the albedo of the underlying layer with respect to

altitude A'(h) [2], as well as the term 66k in comparison with

(3 - x1)(e 2k T - 1), we produce the following expression for

(h):

(h) I 2 8A ke "
e'*- -1 ie"'*- ) [(i.-A) (3-x ,)-t+4k]+8k

(4)

Here xl is the first coefficient in the expansion of the indica- /6(

trice X(y) with respect to the Legendre polymonials, TO is the

optical depth in the cloud at the level of altitude h, equal to
a(65 - h), a = const, A(h) is determined from the corresponding

system of equations of [2], 6 = 1.42, the values of k, TO , A in

(4) are functions of altitude and are averaged over the spectrum

of the radiation transmitted. The parameter at a given altitude

h depends on the form of the indicatrice and the single scatter-

ing albedo a. For the case of low true absorption (1 - a << 1),
parameter k is defined as follows: k2 = (3 - x)(l - a) [6].

We can see from equation (4) that i(h) depends primarily on the

produce kr0 and weakly on A, k and xl. Thus, the coefficient

with the second term, presented in brackets, where A = 0.8-0.9

and xI = 2, decreases monotonically from 1 where k = 0 to 0.2
where k = 0.05. Table 2 presents values of P(h) taken from the
curve of the figure, as well as values of kr0 , calculated from

equation (4) where xl = 2, A = 0.8, k = 0.05. Coefficient xl
is selected on the basis of estimates of the degree of extension
of the indicatrice (see [3] and [4]). The value of parameter k
is produced as an a priori estimate using the values of spherical
albedo Asp h according to Irvine [7], A 0.8 is the albedo of the
lower reflecting layer at the 28 km level.
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TABLE 2

5 - -l"'C C 1' -h.

h , r q ( h ) (P O A . I, Kc ( h ) I A .

1 ,55 1,54 37 38 1,73 1,73 27
1.3,55 1,54 35 1 ' t1.) 25

:2 195 1,93 33 42 1 ,17 1,11 23
3' 2,66 2,66 31 44 0.97 0,91 21
36 2,12 2.12 29

Analysis of the data presented in Table 2 shows that from

28 km to 34 km the spectral composition of the radiation trans-

mitted changes sharply, i.e., the contribution of short-wave

radiation to the transmitted light flux increases with increasing

altitude.

Actually, for a fixed wavelength X, kr 0 (h) is a monotonic-

ally decreasing function of altitude.

In the case where the mean value x for kT 0 depends slightly

on altitude h, this smoothness is retained (34 km < h < 44 km),

while on the other hand it is disrupted for a strong dependence

of A on altitude (28 km < h < 34 km). The values of ki 0 at 28

km and 34 km indicate that on the assumption of a = const in

the cloud, parameter k 2, averaged over the 6300-A-8000 A sub-

band, is 1/3 the value of parameter k1 , averaged over the 5000 A-

6300 A subband, i.e.

k, + k, kT. (h 34 N.i)
k(h=34 K.4) k k, 2k,, (5)2 kwh (h = 3k4 K.M)

from which k2 = (1/3)kl.



In the 10-kilometer sector from 44 km to 34 km, natural

attenuation of light due to scattering and true absorption by

the aerosol occurs, apparently without significant changes in

spectral composition.

Using the dependence of kT 0 on altitude presented in

Table 2, it is not difficult to estimate that parameter k0 ,

averaged over the 10-kilometer section (34-44 km) is four times

greater than the parameter k , the mean over the 44-65 km sec-

tion, i.e., the upper layers of the cloud layer are much more

transparent than the lower layers.

In addition to the relative dependence of parameter k on

altitude and wavelength A, these measurements can in principle

be used to determine the absolute value of parameter k, but the

significant uncertainty of the angle of the sun and the relatively

small range of altitudes in the cloud allow us to indicate only /605

the limits of possible change of this parameter. Parameter k

can be found best of all from the spherical albedo, if we con-

sider the atmosphere homogeneous and semi-infinite.

According to [6]

Asp h  = 1 - (4k/3 - x 1 ). (6)

Table 3 presents values of Asp h according to Irvine [7]

and k calculated where xI = 2 according to (6). Parameters k0,

k0 , k I and k2 are determined from the values of k from the third

column.

TABLE 3

x, [ sph k k , I k,  I ,

5012 0,79 ,05250,0266 0,107 I

(2 0,94 0,015 0,0076 0,0307
0,0163

7227 0,93 0,017510,008820,0357
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The corresponding values of single scattering albedo are

determined from the relationship 1 - a = k2  As follows from

the sixth and seventh columns of this table, the ratio kl/k 2 
= 3,

determined from the reflection of the cloud layer, agrees pre-

cisely with the same ratio determined from the transmission of

the clouds (5). Knowing k, it is not difficult to estimate the

total optical thickness of the clouds and, consequently, the

mean volumetric scattering factor. Therefore, we have

kTo(h '28 K..)
To _ 95, (7)

k,

a - 2,57 - 10- c '.(8)

Let us now show the limits of uncertainty of parameter k,

caused by uncertainty in the zenith distance of the sun 83.5o -

87.50. Using the expression for the transmission function

V (TO, ) [6], we can produce an equation for determination of

parameter k. Since the equations can be written most easily

for the level h = 28 km, let us determine only parameter k2 at

first, then use relationship (5) to determine the full para-

meter k. Thus, for k2 we have:

S0,019 , T, 7.

S / _0 (9)

Since parameter k2 < 1, it follows from (9) that 4 _ 86.50

Then, in the range of change of = 83.5-86.5', corresponding to

the range of F = 0.061-0.1132, the limits of uncertainty of k2 =

= 0.053-1. The uncertainty of k2 with respect to the data for

reflection 0.016-0.034 is caused by the error in the measurement

of Irvine [7] (±7%). Thus, the most probably values of k2 lie

within limits 0.016-0.053 and the value of p = 83.50
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We can similarly produce the corresponding intervals for

k1 and TO as 0.05-0.16 and 29-95 respectively.

Thus, the atmosphere of Venus consists of two layers dif-

fering sharply from each other in their optical and physical

characteristics. In the lower, pure gas layer, located below

28 km, there is conservative Rayleigh scattering. In the

upper, cloud layer, extending from 28 km to 65 km, almost con-

servative adsorption and scattering of visible light occurs

(k 1, 1), i.e., this layer has great optical thickness. The

upper portion of the cloud layer, lying above 44 km, is more /606

transparent than the lower layer. The entire cloud layer is

significantly more transparent for radiation in the 6300 A-8000

A band than for radiation in the 500 A-6300 A band.

In conclusion, the author expresses his gratitude to V. I.

Moroz and V. G. Kurt for their critical comments in the discus-

sion of this work.
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